1. Introduction {#sec1}
===============

Auditory stimulation with music as a therapy has received attention for treatment and prevention of disorders.[@bib1] Studies on music therapy were performed on patients under pharmacological treatment, immediately after surgery or awaiting surgical procedures.[@bib2] Musical auditory stimulation produces an extensive variety of psychological and hemodynamic effects by influencing the cardiac autonomic modulation.[@bib3], [@bib4]

In this regard, heart rate variability (HRV) is a method that analyzes the oscillations of the intervals between consecutive heartbeats (RR intervals). HRV is well accepted in the literature to investigate cardiac autonomic regulation, which is influenced by the sinus node.[@bib5] Reduction in HRV is an indicator of poor cardiovascular function, such as in the case of chronic heart failure, whereas the increase in HRV corresponds to an improvement of cardiovascular function.[@bib6]

Patients with cancer treated with anthracycline, a cardiotoxic medication, had improvements in HRV after music therapy intervention for 10 weeks. However, after the treatment cessation, their HRV levels returned to control values reported before the music therapy intervention, indicating the positive effects of music therapy on HRV in that population.[@bib3] Another study suggested that music therapy increased parasympathetic activity and reduced the probability of congestive heart failure development in elderly patients with dementia and cerebrovascular disease.[@bib7]

Although it was already evidenced that acoustic stimulation with white noise above 50 dB caused cardiac sympathetic changes,[@bib8] it is not well understood whether the effects of musical auditory stimulation on HRV are dependent on equivalent sound level. Moreover, knowledge on cardiac autonomic responses elicited by music exposure is important for developing future therapies that might contribute to the prevention of cardiovascular disorders. Therefore, in this study, we evaluated the acute effects of baroque and heavy-metal musical auditory stimulation at different intensities on cardiac autonomic regulation.

2. Methods {#sec2}
==========

2.1. Study population {#sec2.1}
---------------------

Volunteers were 28 healthy female college students (all nonsmokers; age, 18--25 years). All volunteers were informed about the procedures and objectives of the study and gave written informed consent. All study procedures were approved by the Ethics Committee in Research of the Faculty of Sciences of the Universidade Estadual Paulista, Campus de Marilia (No. Protocol: 2011-385), and were in accordance with Resolution 196/96 National Health 10/10/1996.

2.2. Noninclusion criteria {#sec2.2}
--------------------------

Volunteers were excluded if they had cardiopulmonary, auditory, psychological, and neurological disorders, and other impairments that would prevent them from performing the study procedures. We also excluded those undergoing treatment with drugs that influence cardiac autonomic regulation.

2.3. Initial evaluation {#sec2.3}
-----------------------

Baseline criteria for initial evaluation were age, sex, weight, height, and body mass index (BMI). Weight was determined using a digital scale (W 200/5; Welmy Ind Com Ltda, São Paulo, Brazil) with a precision of 0.1 kg. Height was determined using a stadiometer (ES 2020; Sanny, São Paulo, Brazil) with a precision of 0.1 cm and extension of 2.20 m. BMI was calculated as weight/height,[@bib2] with weight in kilograms and height in meters.

2.4. Measurement of the auditory stimulation {#sec2.4}
--------------------------------------------

Measurements of the equivalent sound levels were conducted in a soundproof room using an SV 102 audio dosimeter (Svantek, Warsaw, Poland). This device was programmed to take measurements in the "A" weighting circuit with a slow response.

Measurements were taken when participants relaxed for 10 minutes by listening to classical baroque music. An insert-type microphone (microphone in real ear) was placed inside the auditory canal of the volunteer, just below the speaker, which was connected to a personal stereo.

Before each measurement, the microphone was calibrated with an acoustic CR:514 model calibrator (Cirrus Research).

For the analysis, we used Leq (A), which is defined as the equivalent sound pressure level and which corresponds to the constant sound level in the same time interval. It contains the same total energy as the sound. We also analyzed the frequency spectrum of the sound stimulation (octave band).[@bib9]

2.5. HRV analysis {#sec2.5}
-----------------

The RR intervals recorded by the portable RS800CX HR monitor (sampling rate, 1000 Hz) were downloaded to the Polar Precision Performance program (version 3.0; Polar Electro, Kempele, Finland). This software enabled the visualization of HR and the extraction of a cardiac period (RR interval) file in ".txt" format. Following digital filtering complemented with manual filtering for the elimination of premature ectopic beats and artifacts, at least 256 RR intervals were used for the data analysis. Only those series with more than 95% sinus rhythm were included in the study.[@bib5] For calculation of the linear indices, we used the HRV analysis software (Kubios HRV version 1.1 for Windows; Biomedical Signal Analysis Group, Department of Applied Physics, University of Kuopio, Kuopio, Finland).

2.6. Linear indices of HRV {#sec2.6}
--------------------------

To analyze HRV in the frequency domain, the low frequency (LF = 0.04--0.15 Hz) and high frequency (HF = 0.15--0.40 Hz) spectral components were measured in m/s and normalized units, representing a value relative to each spectral component in relation to the total power minus the very-low-frequency components, and the ratio between these components (LF/HF). The spectral analysis was performed using the fast Fourier transform algorithm.[@bib10]

The time domain analysis was performed in terms of standard deviation of normal-to-normal RR intervals (SDNN), percentage of adjacent RR intervals with a difference of duration \> 50 ms (pNN50), and root-mean square of differences between adjacent normal RR intervals in a time interval (RMSSD).

We used Kubios HRV version 2.0 software to analyze these indices.[@bib11]

2.7. Protocol {#sec2.7}
-------------

Data collection was carried out in the same soundproof room for all volunteers with the temperature between 21°C and 25°C and relative humidity between 50% and 60%. All volunteers were instructed not to drink alcohol and caffeine for 24 hours before evaluation. Data were collected on an individual basis, between 8 and 12 [am]{.smallcaps} to standardize the protocol. All procedures necessary for data collection were explained to every volunteer individually. The volunteers were instructed to remain at rest and avoid talking during the data collection.

After the initial evaluation, the heart monitor belt was placed over the thorax, aligned with the distal third of the sternum, and the Polar RS800CX HR receiver (Polar Electro) was placed on the wrist. The volunteers (eyes opened) wore headphones and avoided tapping with a finger or a foot (to avoid art factual entrainment), which was confirmed by continuous visual monitoring.

The women variables were compared between the following: (1) rest control; (2) music at 60--70 dB; (3) music at 70--80 dB; and (4) music at 80--90 dB. The musical auditory stimulation was performed using an excitatory heavy metal (Gamma Ray: "Heavy Metal Universe") and a relaxant baroque (Pachelbel: "Canon" in D Major; an example of the first nine measures in shown in [Fig. 1](#fig1){ref-type="fig"}). The sequence of intensity of songs was randomized for each individual.

2.8. Statistical analysis {#sec2.8}
-------------------------

Standard statistical methods were used to calculate the means and standard deviations. The normal Gaussian distribution of the data was verified by the Shapiro--Wilk goodness-of-fit test (*z* \> 1.0). For parametric distributions, we applied analysis of variance for repeated measures followed by the Bonferroni post-test. For nonparametric distributions, we used the Friedman test followed by Dunn post-test. Differences were considered significant when the probability of a Type I error was less than 5% (*p* \< 0.05). We used BioStat 2009 Professional 5.8.4 software for statistical analysis.

3. Results {#sec3}
==========

Data on baseline systolic arterial pressure, diastolic arterial pressure, HR, mean RR interval, age, height, body weight, and BMI are presented in [Table 1](#tbl1){ref-type="table"}.

In relation to the time domain indices of HRV, we noted that the SDNN index reduced during exposure to auditory stimulation with heavy-metal music at 80--90 dB compared with the control condition, whereas the RMSSD and pNN50 indices were not significantly changed during exposure to heavy-metal musical auditory stimulation at three equivalent sound levels ([Table 2](#tbl2){ref-type="table"}).

In [Table 2](#tbl2){ref-type="table"}, it can be seen that the LF domain index in absolute units was decreased during heavy-metal musical auditory stimulation at 60--70 dB compared with the control condition, whereas no significant change was noted for the LF index in normalized units, HF index in normalized and absolute units, and LF/HF ratio.

With regard to baroque musical auditory stimulation, the SDNN, RMSSD, and pNN50 time domain indices of HRV were not significantly changed during exposure to this music style at the three equivalent sound levels ([Table 3](#tbl3){ref-type="table"}).

From [Table 3](#tbl3){ref-type="table"}, it can be seen that auditory stimulation with baroque music style at 60--70 dB reduced the LF index in absolute units. By contrast, the LF index in normalized units, HF index in absolute and normalized units, and LF/HF ratio were not significantly changed during exposure to this music style at the three equivalent sound levels.

[Fig. 2](#fig2){ref-type="fig"} shows an example of the visual evaluation of the power spectrum density analysis observed in one volunteer before exposure to baroque musical auditory stimulation, during music exposure between 60 and 70 dB, during music exposure between 70 and 80 dB, and during music exposure between 80 and 90 dB.

[Fig. 3](#fig3){ref-type="fig"} presents an example of power spectrum density analysis in one volunteer before exposure to heavy-metal musical auditory stimulation, during music exposure between 60 and 70 dB, during music exposure between 70 and 80 dB, and during music exposure between 80 and 90 dB ([Fig. 3](#fig3){ref-type="fig"}).

4. Discussion {#sec4}
=============

The investigation of the intensity of musical auditory stimulation is important to improve musical therapy for alternative treatments.[@bib12] A recent study reported that white noise stimulation above 50 dB heightened the sympathetic component of HR regulation and also demonstrated significant association between the LF/HF ratio and the equivalent sound level---the higher the sound intensity the higher the sympathetic tone on the heart and the lower the HRV.[@bib8] In this context, our investigation was undertaken to evaluate the acute effects of auditory stimulation with distinct music styles of different intensities on cardiac autonomic regulation. Interestingly, we noted that low-intensity (60--70 dB) heavy-metal and baroque styles acutely reduced the frequency domain LF index in absolute units, and the SDNN index in the time domain was decreased during exposure to high-intensity (80--90 dB) heavy-metal musical style.

We had previously reported that auditory stimulation with Pachelbel\'s music between 60 and 70 dB decreased global modulation of HR by reducing the LF index in absolute units. This index corresponds to sympathetic and parasympathetic components of the autonomic regulation of HR.[@bib13] A recent study showed that the same music acutely reduced the same index in healthy women,[@bib14] but Canon in D music from Pachelbel had no significant effects on cardiac autonomic regulation in previous studies.[@bib9], [@bib15] This contradictory data may be explained by the difference between the study methods. Roque et al[@bib14], [@bib15] also conducted studies on women who were exposed to baroque music and subsequently to heavy-metal music. It is possible that the sequence of music exposure influenced the cardiac autonomic responses. In our study, however, we did not select women in the luteal and follicular phases of the menstrual cycle, whereas in the aforementioned studies this was not a noninclusion criterion.

The baroque music chosen in our study was Canon in D from Johann Pachelbel, a German composer of Protestant church music. Canon in D from Pachelbel associates the techniques of canon and ground bass. Canon is a polyphonic device in which several voices play the same music, entering in sequence.[@bib16] Previous studies on animals reported significant effects of different music on autonomic nervous system. Rats under urethane anesthesia were exposed to a relaxant music ("Träumerei" from Kinderszenen Op.15-7, R. Schumann) and an increase in gastric vagal nerve activity was observed.[@bib17] Another study by the same group found that the same music reduced sympathetic nerve activity and arterial blood pressure in anesthetized rats and elucidated that some but not all music can induce the same responses. This mechanism was further investigated and the authors observed that this effect depends on the intact auditory cortex and cochleae.[@bib18] The Pachelbel Canon in D music is not considered sedative. In this sense, we suggest that we reported acute reduction of HRV in individuals exposed to music with absence of relaxant rhythm.

According to our findings, heavy-metal musical auditory stimulation reduced global modulation of HR at the highest intensity (80--90 dB). The music used in our investigation was also reported to reduce HRV in healthy women.[@bib14] Another previous study similarly showed that healthy women had increased psychological responses to auditory stimulation with another heavy-metal music.[@bib19] The cardiac autonomic responses observed in our study are suggested to be due to the excitatory feature of the heavy-metal music style. We believe that the excitatory profile of heavy-metal music associated with the high-equivalent sound level was responsible for acutely decreasing HRV. Cardiac autonomic responses were instantaneously elicited by low-intensity (50 dBA) white noise.

Lee et al[@bib8] observed a significant interaction between the cardiac sympathetic modulation and white noise intensity---the higher the white noise intensity the higher the LF/HF ratio and the lower the HRV. The association between noise intensity and activity of autonomic nervous system is based on the acoustic startle reflex. This reflex is a sudden response of arterial blood pressure and HR induced by an unexpected loud auditory stimulation.[@bib20] This reflex can cause an immediate inhibition of muscle sympathetic nerve activity, and the magnitude of the arterial blood pressure reaction is inversely associated with the intensity of early muscle sympathetic nerve activity inhibition.[@bib21] Taken together, we may surmise that the reduced HRV elicited by high-intensity heavy-metal music was elicited by an autonomic response involved in the acoustic startle reflex.

Our results showed that musical auditory stimulation with baroque and heavy-metal styles between 60 and 70 dB decreased global modulation of HR in healthy women. This data is supported by the study results of Lee et al,[@bib8] who observed that cardiac autonomic responses induced by binaural exposure to white noise above 50 dB continuously for 5 minutes decreased HRV. In another study, healthy women were exposed to white noise at 90 dB and they were reported to have reduced parasympathetic regulation of HR and no significant changes in the sympathovagal balance through analysis of the LF/HF ratio.[@bib14] It is worth mentioning the difference between baroque or excitatory heavy-metal musical stimulation and white noise. Music has a high range of intensity, whereas white noise is characterized by a small range in its equivalent sound level.[@bib22] Furthermore, white noise has no significant effect on the cognitive system, whereas musical auditory stimulation affects emotions and memory,[@bib23], [@bib24] which in turn is related to cardiac autonomic regulation.[@bib25] In this circumstance, we suggest that the cardiac parasympathetic and sympathetic responses depend on the style of acoustic stimulation.

Based on our data, there was a relationship between the music intensity and the overall variability of HR, because we found reduced HRV during acute exposure to baroque and heavy-metal musical auditory stimulation between 60 and 70 dB, and in addition, heavy metal decreased HRV between 80 and 90 dB, whereas no significant responses were noted when both music styles were played between 70 and 80 dB. To avoid the effect of music intensity sequence on HRV responses, the order of music intensity was randomized to each volunteer. In this context, we discarded the influence of this mechanism on cardiac autonomic responses induced by musical auditory stimulation. However, it does not rule out the influence of habituation. Indeed, Iwanaga et al[@bib26] evaluated HRV during exposure to repetitive musical auditory stimulation with excitatory and sedative music. The authors observed that in the second session of music exposure, the LF index in normalized units and the LF/HF ratio increased, whereas no significant change in the HF index was observed, indicating that HRV reduced after repetitive exposure to music. In this regard, we believe that the habituation of cardiac autonomic responses may have influenced our findings.

The cardiac autonomic responses found in our investigation are supported by previous studies that showed physiological mechanisms to explain it. The brain and brain stem process auditory[@bib27] and cardiovascular information.[@bib28], [@bib29] Histaminergic H3 receptors in the suprachiasmatic nucleus of the hypothalamus were also reported to be involved in sympathetic and parasympathetic responses induced by relaxant music.[@bib18] Musicians were exposed to self-selected piece of music that induced intense pleasant emotional responses and increases in regional cerebral blood flow in the left ventral striatum and dorsomedial midbrain and reductions in the right amygdala and left hippocampus/amygdala, suggesting that music recruits neural mechanisms of recompense.[@bib24], [@bib30] In addition, a recent study reported that dopamine release in the right caudate and the right nucleus accumbens, brain areas related to reward mechanisms,[@bib31] increased during exposure to self-selected pleasurable music.[@bib32] In this circumstance, an important question to be raised is the style of music used by the authors because each study used different music. Thus, we must be careful when interpreting data.

To avoid sex-dependent effects on cardiac autonomic responses elicited by music, we investigated only women in this study. The literature reported contradictory data regarding cardiovascular and physiological responses between men and women. Cardiac autonomic responses induced by auditory stimulation were suggested to be dependent on sex regarding experience and emotional expression.[@bib33] Women were observed to have more intense stressful responses induced by auditory stimulation compared with men. It was also indicated that sex-based differences in psychophysiological responses to auditory stimulation are strongly influenced by hormonal status.[@bib19] Nonetheless, there is a lack of this information in the literature studies that investigated differences between women and men concerning the cardiac autonomic responses to musical auditory stimulation. Furthermore, the menstrual cycle was also indicated to affect baseline nonlinear properties of HRV.[@bib34] To exclude the interference of the follicular and luteal phases of the menstrual cycle on cardiac autonomic regulation, we did not evaluate volunteers on 10--15 days and 20--25 days after the 1^st^ day of the menstrual cycle.

5. Conclusion {#sec5}
=============

Auditory stimulation with baroque and heavy-metal music styles at lower intensities acutely decreased global modulation of HR, whereas only heavy metal reduced HRV at higher intensities. We suggest that the equivalent sound level range in the music selected in our study presents significant effect on cardiac autonomic regulation.
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![Power spectrum density (PSD) analysis observed in one volunteer before exposure to baroque musical auditory stimulation, during music exposure between 60 and 70 dB, during music exposure between 70 and 80 dB, and during music exposure between 80 and 90 dB.](gr2){#fig2}

![Power spectrum density (PSD) analysis observed in one volunteer before exposure to heavy-metal musical auditory stimulation, during music exposure between 60 and 70 dB, during music exposure between 70 and 80 dB, and during music exposure between 80 and 90 dB.](gr3){#fig3}

###### 

Baseline DAP, SAP, HR, mean RR, weight, height, and BMI of the volunteers.

  Variable        Value
  --------------- -----------------
  Age (y)         20.9 ± 2.2
  Height (m)      1.6 ± 0.1
  Weight (kg)     56.7 ± 7.3
  BMI (kg/m^2^)   21.3 ± 2.7
  HR (bpm)        82.55 ± 12.57
  Mean RR (ms)    749.12 ± 140.05
  SAP (mmHg)      110.4 ± 6.2
  DAP (mmHg)      75 ± 8

BMI = body mass index; DAP = diastolic arterial pressure; HR = heart rate; mean RR = mean RR interval; SAP = systolic arterial pressure.

###### 

Time and frequency domain indices before and after exposure to auditory stimulation with excitatory heavy-metal musical style.

  Index        Control           60--70 dB                                          70--80 dB         80--90 dB                                        *p*
  ------------ ----------------- -------------------------------------------------- ----------------- ------------------------------------------------ ------
  RMSSD        31.71 ± 14.2      30.31 ± 14.27                                      31.17 ± 12.64     30.1 ± 11.83                                     0.97
  pNN50        13.37 ± 14.36     12.81 ± 15.7                                       13.11 ± 13.13     11.83 ± 12.07                                    0.98
  SDNN         44.39 ± 14.4      35.09 ± 9.42                                       37.49 ± 10.09     34.88 ± 8.69[a](#tbl2fna){ref-type="table-fn"}   0.01
  HF (ms^2^)   516.33 ± 550.48   296.5 ± 245.61                                     350.88 ± 255.7    311.71 ± 215.97                                  0.11
  LF (ms^2^)   668.83 ± 648.74   392.5 ± 179.94[a](#tbl2fna){ref-type="table-fn"}   406.75 ± 241.37   411.58 ± 241.14                                  0.04
  HF (nu)      42.44 ± 19.11     38.01 ± 17.91                                      42.53 ± 18.22     41.11 ± 18.82                                    0.82
  LF (nu)      57.4 ± 19.11      61.52 ± 17.96                                      56.94 ± 18.34     58.38 ± 18.98                                    0.83
  LF/HF        2.2 ± 2.93        2.43 ± 2.19                                        1.86 ± 1.57       2.28 ± 2.37                                      0.86

Data are presented as mean ± standard deviation.

HF = high frequency; LF = low frequency; LF/HF = low frequency/high frequency ratio; pNN50 = percentage of adjacent RR intervals with a difference of duration \>50 ms; RMSSD = root-mean square of differences between adjacent normal RR intervals in a time interval; SDNN = standard deviation of normal-to-normal RR intervals.

Different from control.

###### 

Time and frequency domain indices before and after exposure to auditory stimulation with baroque musical style.

  Index        Control           60--70 dB                                           70--80 dB         80--90 dB         *p*
  ------------ ----------------- --------------------------------------------------- ----------------- ----------------- ------
  RMSSD        34.45 ± 16.46     29.29 ± 12.9                                        30.85 ± 13.72     31.2 ± 14.08      0.65
  pNN50        15.21 ± 15.06     12.26 ± 13.51                                       12.78 ± 12.74     13.55 ± 14.72     0.89
  SDNN         41.74 ± 10.23     35.9 ± 10.5                                         38.77 ± 13.23     37.96 ± 10.56     0.34
  HF (ms^2^)   466.04 ± 405.06   356.33 ± 368.47                                     389.46 ± 336.15   361.46 ± 394.76   0.73
  LF (ms^2^)   587.75 ± 318.44   376.21 ± 178.85[a](#tbl3fna){ref-type="table-fn"}   462.17 ± 304.83   406.21 ± 216.02   0.03
  HF (nu)      40.3 ± 21.5       41.3 ± 20.52                                        40.96 ± 19.1      40.39 ± 21.07     1.00
  LF (nu)      58.65 ± 21.44     58.36 ± 20.62                                       58.88 ± 19.13     56.92 ± 20.94     0.99
  LF/HF        2.46 ± 2.29       2.36 ± 2.83                                         2.10 ± 1.67       2.40 ± 2.24       0.95

Data are presented as mean ± standard deviation.

HF = high frequency; LF = low frequency; LF/HF = low frequency/high frequency ratio; pNN50 = percentage of adjacent RR intervals with a difference of duration \>50 ms; RMSSD = root-mean square of differences between adjacent normal RR intervals in a time interval; SDNN = standard deviation of normal-to-normal RR intervals.

Different from control.
